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(57) A patient’s pain is eliminated and very high di-
agnostic accuracy is ensured with lower doses of radia-
tionin mammography equipmentincluding: a suction cup
(1) having a suction recess (4) disposed, on its interior
surface, for being drawn into intimate contact with a chest
of the patient (20); a suction member (2) allowing the
breast (21) to be drawn from the chest and protruded into
the recess (4) in an uncompressed state; and a CT scan-

FIG.3

ner (3) having a storage space (5) to accommodate the
suction cup (1) inside and serving to obtain a tomographic
image of the breast (21). The breast (21) placed in the
storage space (5) via the suction cup (1) is irradiated with
the radiation over a plane orthogonal to a protruding di-
rection of the breast (21), and a coronal cross-section
image of the breast (21) is obtained in a scanning direc-
tion along the protruding direction.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to mammography
equipment which is used primarily to check for breast
cancer. In particular, the present invention pertains to
mammography equipment for obtaining a horizontally-
sliced, tomographic image of a female breast with very
high accuracy while reducing doses of radiation to min-
imum.

BACKGROUND ART

[0002] The technique of mammography is employed
in equipment for detection of breast cancer. In the mam-
mography, a patient’s breast is tightly compressed with
two parallel plates to reach a thickness of several cen-
timeters, so that the breast is irradiated with x-rays which
are, in turn, transmitted through the breast to an x-ray
film having been set on one of the compression plates
and thus a diagnosis is made in accordance with an im-
age produced on the x-ray film. In the mammography
where radiography is carried out after compressing the
breast sideway from two directions, it is often difficult to
accurately examine a small breast. In order to overcome
such difficulty, there has been developed mammography
equipment in which a breast is allowed to vertically hang
down for compression (refer to Patent Document No. 1).
In this particular mammography equipment, however,
like in other conventional mammography equipment, the
breast is compressed to be thinned and is irradiated with
x-rays, which is disadvantageous in that great pains are
given to the patient. Especially in order to ensure high
examination accuracy in this mammography equipment,
the breast has to be forcefully compressed to become
flattened. Such forceful compression for flattening the
breast causes the patient to suffer even more pains. As
such, there exists a trade-off between diagnostic accu-
racy and patient’s pains, and a satisfaction cannot be
gained simultaneously in both of the factors.

[0003] A patient’s pain can be eliminated when a CT
scanner is employed. The CT scanner is so designed
that the patient is scanned in the direction of her body
axis and then a horizontally-sliced image of the breast is
reconstructed from a tomographic image of her whole
body, so that breast cancer can be screened without the
breast being compressed. In the CT scanner, however,
since the horizontally-sliced image of the breast is recon-
structed through a calculation based on the tomographic
image of the patient’s whole body, it is difficult to obtain
a highly accurate image of the breast. It is because the
breast is too small as compared with the whole body in
terms of a cross section which is orthogonal to the body
axis. The tomographic image of the whole body other
than the breast is not essential for examining the breast.
Moreover, the too large proportion of the tomographic
image of the whole body can lead to decreased diagnos-
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tic accuracy for the breast. The CT scanner also carries
the disadvantage that doses of radiation become higher
as compared with the mammography, and so when the
doses of radiation are reduced, the diagnostic accuracy
is prone to decrease.

[0004] In order to remedy such shortcomings, there
has been developed a technique of improving diagnostic
accuracy, in which a breast is compressed to narrow a
scanning area and correspondingly reduce doses of ra-
diation (refer to Patent Document No. 2).

Patent Document No. 1: Japanese Laid-Open Pat-
ent Publication No. 1995-303633
Patent Document No. 2: Japanese Laid-Open Pat-
ent Publication No. 1998-328176

DISCLOSURE OF THE INVENTION
Problem To Be Solved by the Invention

[0005] As shown in Figure 1, according to the Patent
Document No. 2, it has a cradle 31 for carrying a patient
20 who is in a lateral recumbent position, the cradle 31
being provided thereon with a pair of compression plates
32 for compressing a breast 21 of the patient 20 sideway
from two directions. The compression plate 32 is so ar-
ranged as to be transferable in the direction being sub-
stantially orthogonal to a plane of the tomographicimage,
i.e., in the direction of the patient’s body axis. With the
breast 21 of the patient 20 being compressed with the
pair of compression plates 32 in the direction being sub-
stantially orthogonal to the plane of the tomographic im-
age, the breast 21 of the patient 20 is diagnosed in the
scanning direction along the body axis. This equipment
is designed to examine the breast in a compressed state
along the scanning direction, allowing a scanning area
to be narrowed and an examination to be made with a
thinly sliced thickness, so that diagnostic accuracy can
be improved with lower doses of radiation.

[0006] Nevertheless, this mammography equipment
also carries the disadvantage thatitis unable to eliminate
the influence given to the tomographic image of the
breast by the tomographic image of the substantially
whole body excluding the breast and that the doses of
radiation become higher, relative to the diagnostic accu-
racy. Also, like in other conventional mammography
equipment, the breast has to be compressed to be thinner
for improved diagnostic accuracy with lower doses of ra-
diation, which makes itimpossible to eliminate the short-
coming of forcing great pains to the patient.

[0007] In addition, the image of the breast in a com-
pressed state carries the disadvantage that the breast
cancer cannot be detected accurately enough like when
the breast is in a natural state. Since breast cancer tends
to spread in the horizontal direction which is orthogonal
to the protruding direction of the breast, an image of the
breast to be examined in a compressed state carries the
disadvantage that breast cancer having spread less in
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the protruding direction and more in the horizontal direc-
tion cannot be detected at an earlier stage, which result-
antly decreases diagnostic accuracy.

[0008] The present invention has, therefore, been
made for the purpose of solving such disadvantages. It
is the primary object of the present invention to provide
ideal mammography equipment for examination of a fe-
male breast, in which a patient’s pain is mitigated and
breast cancer can be detected at an earlier stage, with
lower doses of radiation and with very high diagnostic
accuracy.

Means To Solve the Problem

[0009] Inordertoachieve the above-mentioned object,
the mammography equipment in accordance with the
present invention is constructed and arranged as de-
scribed below.

The mammography equipment includes a suction cup 1
having a suction recess 4 disposed on its interior surface,
the suction recess 4 being drawn into intimate contact
with a chest of a patient 20 so as to draw a breast 21
protruding from the chest in an uncompressed state, a
suction member 2 drawing the breast 21 into the suction
cup 1, and a CT scanner 3 having a storage space 5 for
accommodating the suction cup 1 inside. In this mam-
mography equipment, the storage space 5 has the suc-
tion cup 1 disposed inside, the suction cup 1 allowing the
breast 21 to be placed in the suction recess 4, and the
breast 21 is irradiated with radiation by the CT scanner
3 and thus a tomographic image of the breast 21 is ob-
tained. Further, in the mammography equipment, the
suction member 2 is operable to draw the breast 21 into
the suction recess 4, allowing the breast 21 to be pro-
truded from the chest in an uncompressed state, so that
the protruded breast 21 is placed in the storage space 5
via the suction cup 1. This mammography equipment is
so constructed and arranged that the CT scanner 3 irra-
diates the breast 21 with the radiation over a plane which
is orthogonal to a protruding direction of the breast 21
and thus a coronal section image of the breast 21 is ob-
tained in a scanning direction along the protruding direc-
tion of the breast 21.

To be noted here in the present disclosure is that the
coronal section image of the breast is intended to mean
the coronal image of the cross-section which graphically
slices the breast in the direction orthogonal to the pro-
truding direction. The expression of coronal section im-
age of the breast is used, in a broad sense, to include an
oblique coronal image of the cross-section extending ob-
liquely with respect to the plane which is orthogonal to
the protruding direction of the breast.

[0010] The suction member 2 can be adapted to draw
the breast 21 into the suction recess 4 by evacuating air
from the suction cup 1. Also, the suction recess 4 in the
suction cup can be sointeriorly shaped as to draw asingle
piece of the breast 21, with a recess’s horizontal cross-
section, which intersects the protruding direction of the
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breast21, being either of a circular shape or of an elliptical
shape with the ratio of its major diameter to its minor
diameter being less than two, and with the horizontal
cross-section being tapered off toward a tip of the breast
21.

[0011] The suction recess 4 may be provided, on its
interior surface, with a contact layer 7 of sol or gel that
allows for air-tight contact with a breast surface.

[0012] The suction cup 1 may be disposed in a posture
where a plane including an edge of an opening of the
suction recess 4 is an inclined plane, to allow the breast
21 to be drawn in an oblique direction. The suction cup
1 may also be disposed in a posture where the opening
of the suction recess 4 faces downwardly, to allow the
breast 21 to be drawn in an upward direction.

[0013] The suction recess 4 in the suction cup 1 may
be formed with a concavely curved surface that draws at
least a portion of the breast 21 into intimate contact with
the interior surface of the suction recess 4 and shapes
up the breast 21. The suction recess 4 in the suction cup
1 may also be formed with a concavely curved surface
that draws a lower surface of the breast 21 into intimate
contact with the interior surface of the suction recess 4
and shapes up the breast 21.

[0014] The suction cup 1 may be provided with a gas-
ket 6 that tightly contacts a body surface along the edge
of the opening of the suction recess 4 so that the edge
of the opening of the suction recess 4 tightly contacts a
periphery of the breast 21 of the patient 20.

[0015] The suction cup 1 may be translucent to allow
the breast 21 drawn into the suction recess 4 to be viewed
from outside. The suction cup 1 may also be adapted for
fabrication with a rubber-like elastic material.

[0016] Further, the inventive mammography equip-
ment may be provided with a pair of suction cups 1 that
respectively and independently draws both breasts 21 of
the patient 20, and the pair of suction cups 1 is linked to
the CT scanner 3. Yet further, the suction cup 1 may be
formed with an examination hole 11 through which a bi-
opsy needle 12 is inserted.

Effect of the Invention

[0017] The mammography equipment in accordance
with a first aspect of the present invention has the ad-
vantage that while the patient’s pain is eliminated, the
breast cancer can be detected at an earlier stage with
lower doses of radiation and with very high diagnostic
accuracy. It is because the inventive mammography
equipment is so constructed and arranged that the suc-
tion cup is drawn into intimate contact with the patient’s
chest, the air is evacuated from the suction cup by the
suction member, the breast is drawn into the suction re-
cess so as to be protruded from the chest in an uncom-
pressed state, as well as the protruded breast is placed
in the storage space of the CT scanner to obtain the to-
mographic image of the breast by means of the CT scan-
ner. Unlike in other conventional equipment, the mam-
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mography equipment thus structured is able to carry out
the examination, eliminating the patient’s pain, because
the tomographic image of the breast is obtained without
compressing the breast to be thinned by the compression
plates. In addition, the inventive equipment is designed
toimage the breast by drawing the breast into the suction
recess and shaping up the breast to a natural form, with-
out compression, so that the shape and size of cancer
and its location can be accurately detected. Further,
since the inventive mammography equipment is de-
signed to draw the breast into the suction recess in the
suction cup and allow the breast to be protruded from
the chest, even a smaller breast can be sufficiently pro-
truded from the chest to obtain a well-accepted image.
[0018] Further, the inventive mammography equip-
ment is so constructed and arranged that the CT scanner
irradiates the breast with the radiation over the plane
which is orthogonal to the protruding direction of the
breast and thus the coronal section image of the breast
is obtained in the scanning direction along the protruding
direction of the breast, so that the tomographic image of
the breast can be obtained by irradiating the patient’s
breast portion with the radiation while the doses of radi-
ation are reduced. And, a portion other than the breast
is notirradiated with the radiation, so that the tomographic
image of the breast is not to be affected by a tomographic
image of the portion other than the breast. Further, this
mammography equipmentis designed to scan the breast
in the scanning direction along the protruding direction
of the breast, so that an ideal image can be obtained of
a breast cancer that has spread in the direction where
breast cancer is very likely to spread, namely, in the di-
rection which is orthogonal to the protruding direction of
the breast, and thus high diagnostic accuracy can be
ensured.

[0019] The mammography equipment in accordance
with a second aspect of the present invention is advan-
tageous in that the suction recess is so interiorly shaped
as to draw the single piece of the breast, with the recess’s
horizontal cross-section, which intersects the protruding
direction of the breast, being either of a circular shape or
of an elliptical shape, and with the horizontal cross-sec-
tion being tapered off toward the tip of the breast, so that
the breast drawn into the suction recess can be shaped
up to a more natural form.

[0020] The mammography equipment in accordance
with a third aspect of the present invention is advanta-
geous in that the suction recess is provided, on its interior
surface, with a contact layer of sol or gel, allowing the
breast to be securely drawn into intimate contact with the
interior surface of the suction recess and to be shaped
up to a neater form.

[0021] The mammography equipment in accordance
with a fourth aspect of the present invention is advanta-
geous in that the suction cup is disposed in the posture
where the plane including the edge of the opening of the
suction recess is the inclined plane, allowing the breast
to be drawn in the oblique direction, so that the breast
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hanging down under the effect of gravity can be drawn
into the suction recess and protruded sufficiently from
the patient’s chest to carry out the examination. In par-
ticular, the mammography equipment is also advanta-
geous in that it can be designed to examine the breast,
with the patient being in a forwardly leaning posture, so
that a cost of manufacture can be reduced with an overall,
compact configuration of the equipment without requiring
extra facilities such as a bed.

[0022] The mammography equipment in accordance
with a fifth aspect of the present invention is advanta-
geous in that the suction cup is disposed in the posture
where the opening of the suction recess faces downward-
ly, being structured to allow the breast to be drawn in an
upward direction, so that the patient can be examined in
a comfortable, supine posture on a bed or the like.
[0023] The mammography equipment in accordance
with sixth and seventh aspects of the present invention
is advantageous in that the suction recess in the suction
cup is formed with a concavely curved surface that draws
at least a portion of or the lower surface of the breast into
intimate contact with its interior surface and shapes up
the breast, so that the breast can be shaped up to a more
ideal form for examination.

[0024] The mammography equipment in accordance
with an eighth aspect of the present invention is provided
with the gasket along the edge of the opening of the suc-
tion recess in the suction cup, allowing the edge of the
opening of the suction recess to tightly contact the body
surface around the patient’s breast, so that the air can
be efficiently evacuated from the suction cup to draw the
breast into the suction cup.

[0025] The mammography equipment in accordance
with a ninth aspect of the present invention is advanta-
geous in that the suction cup is translucent to allow the
breast drawn into the suction recess to be viewed from
outside, so that the breast can be shaped up to a natural
form for examination, facilitating monitoring the shape of
the breast to be drawn into the suction recess.

[0026] Further, the mammography equipment in ac-
cordance with a tenth aspect of the present invention is
provided with a pair of suction cups that respectively and
independently draws both breasts of the patient, and the
pair of suction cups is linked to the CT scanner, so that
both of the breasts can be simultaneously examined by
irradiating the two breasts with the radiation for transmis-
sion through the breasts. The mammography equipment
is, therefore, advantageous in that an examination of two
breasts can be expedited within a shorter period of time.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] Embodiments of the present invention will now
be discussed in conjunction with the accompanying
drawings. It should be noted here that the following em-
bodiments are intended to be illustrative of mammogra-
phy equipment to embody the technical ideas of the in-
vention, and that the inventive mammography equipment
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is, in no way, limited to what is described below.

[0028] Further, in order to facilitate understanding the
Claims in the present disclosure, the reference numerals
corresponding to the members shown in the Embodi-
ments are appended to the members shown both in the
Claims and in the Means To Solve the Problem. It should
also be noted that the members shown in the Claims are,
in no way, limited to the members shown in the embod-
iments.

[0029] The mammography equipment shown in Fig-
ures 2 through 7 includes a suction cup 1 having a suction
recess 4 disposed on its interior surface, the suction re-
cess 4 being drawn into intimate contact with a chest of
a patient 20 so as to draw a breast 21 protruding from
the chest in an uncompressed state, a suction member
2 drawing the breast 21 into the suction recess 4 by evac-
uating air from the suction cup 1, and a CT scanner 3
having a storage space 5 for accommodating the suction
cup 1 inside.

[0030] The suction cup 1 shown in Figures 2 through
6 is designed to draw a single piece of the breast 21 into
the suction recess 4, while the suction cup 1 in Figures
7 and 8 is designed to draw both breasts 21 into the
suction recess 4. In the suction recess 4 drawing the
breast 21, the horizontal cross-section, which intersects
the protruding direction of the breast 21 (the direction
which is orthogonal to the body axis, substantially a front
direction of the patient 20), is of a circular shape as shown
in Figure 4. It should be noted that, although not shown,
the horizontal cross section of the suction recess may
also be of an elliptical shape with the ratio of its major
diameter to its minor diameter being less than two, which
is closer to a circular shape.

[0031] Further, the suctionrecess 4 is so designed that
the horizontal cross-section shape is tapered off toward
the tip of the breast 21 so that the breast 21 is drawn and
shaped up to a natural form. The illustrated suction cup
1 is so designed that the shape of the suction recess 4
corresponds to a hemisphere or cone. The suction cup
1 with this shape is able to draw the breast surface into
the suction recess 4 in a wide area, for example, more
than 50% of the breast surface and shape up the breast
to a natural form. Especially in the case of a suction cup
which allows more than 80% of the breast surface to be
drawn into the suction recess, the breast can be shaped
up to an ideal form. Thus, the equipment in which the
breast 21 is drawn to the interior surface of the suction
cup 1 and examined in a shaped-up state is able to keep
the shape of the breast 21 stabilized for examination, so
that the examination accuracy can be advantageously
increased. It is because examination accuracy decreas-
es when a breast moves during a short period of a few
seconds in examination.

[0032] When used for a patient 20 in a forwardly lean-
ing posture, as shown in Figure 2, the mammography
equipment drawing a portion of the breast 21 to the inte-
rior surface of the suction recess 4 allows the lower sur-
face of the breast 21 to be drawn to the interior surface
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ofthe suctionrecess 4. The suction cup 1 draws the lower
surface of the breast 21 into intimate contact with the
suction recess 4 and shapes up the breast, so that the
breast 21 substantially in its entirety can be shaped up
to a natural form. When used for the patient 20 in a supine
position, as shown in Figure 5, the mammography equip-
ment allows the periphery of the breast 21 to be drawn
into intimate contact with the interior surface of the suc-
tion recess 4 and allows the substantially entire breast
21 to be shaped up to a natural form.

[0033] Preferably, however, the suction cup 1 is so
shaped that more than 50%, preferably more than 80%,
of the breast surface is drawn into intimate contact with
the interior surface of the suction recess 4 and shaped
up. It is because the intimate contact can be obtained
when the entire breast is shaped up to a more natural
and ideal form. The suction cup 1 drawing the breast
surface into intimate contact with the suction recess 4 in
awide area is arranged to be interchangeable in accord-
ance with a size of the breast 21 of the patient 20, be-
cause the size of the breast 21 of the patient 20 varies
from individual to individual. A suction cup with a larger
suction recess is used for a patient with a larger breast,
while a suction cup with a smaller suction recess is used
for a patient with a smaller breast.

[0034] The illustrated suction cup 1 is provided, along
the edge of the opening of the suction recess 4, with the
gasket 6 that tightly contacts the body surface so that the
edge of the opening of the suction recess 4 may tightly
contact the periphery of the breast 21 of the patient 20.
The gasket 6 is of a rubber-like elastic material deforming
elastically or of a gelated material having an adherence.
In the suction cup 1 shown in Figures 3, 4 and 6, the
gasket 6 is of a substantially circular shape. The suction
cup 1 uses the gasket 6 to allow the edge of the opening
of the respective suction recess 4 to tightly contact the
periphery of the respective breast 21.

[0035] The gasket 6 shown in Figures 7 and 8 is
shaped like a gourd having two circular arcs connected
laterally with each other. The gasket 6 is so designed
that both breasts 21 are placed inside, in other words,
the edge of the opening of the suction recess 4 is allowed
to tightly contact the peripheries of the two breasts 21,
so that the two breasts 21 are drawn into the suction
recess 4 and shaped up. The suction cup 1 draws the
two breasts 21 into the suction recess 4 and shapes up
the respective breast 21 to a natural form. Thus, the suc-
tion recess 4 in the suction cup 1 is designed to draw
more than 50%, preferably more than 80%, of the re-
spective breast surface into intimate contact with the in-
terior surface and shape up each breast to a natural form.
[0036] The illustrated suction cup 1 is so designed that
the suction recess 4 is provided, on its interior surface,
with a contact layer 7 of sol or gel to allow for air-tight
contact with the breast surface. The suction cup 1 has
the feature that the breast 21 is securely drawn into inti-
mate contact with the interior surface of the suction re-
cess 4 and shaped up to a neater form. The contact layer
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7 allows the interior surface of the suction recess 4 to
contactthe breast surface in an air-tight manner. As such,
when the air is evacuated from the suction recess 4, the
breast 21 can contact the interior surface of the suction
recess 4 in a more secure manner. It should be noted,
however, that the suction cup does not necessarily have
to be provided, on its interior surface, with such a contact
layer. Itis because the edge of the opening of the suction
recess 4 can contact the body surface of the patient 20
and the breast 21 can be in intimate contact with the
suction recess 4.

[0037] The suction cup 1 shown in Figure 9 is connect-
ed to the suction member 2 that is of a hollow body made
of a rubber-like elastic material being elastically deform-
able. The illustrated suction member 2 is of a hollow
sphere made of the rubber-like elastic material. When
the spherical suction member 2 is compressed, that is to
say, when the air is evacuated from the suction member,
the suction cup 1 is caused to tightly contact the surface
of breast 21 Subsequently, with the breast 21 being al-
lowed to tightly contact the suction cup 1, when the suc-
tion member 2 is released from its compressed state, the
air is evacuated from the suction cup 1 by the effect of
the restoring force of the rubber-like elastic material, and
the breast 21 is drawn to be protruded. The suction cup
1 is able to easily draw the breast without having to be
connected to a suction member such as a vacuum pump.
It should be noted, however, that this suction cup is also
able to draw the breast inside when connected to a suc-
tion member of a suction pump to evacuate the air from
inside.

[0038] The suction cup 1 is translucent to allow the
shape of the breast 21 drawn into the suction recess 4
to be viewed from outside. The suction cup 1 is made of
radiotransparent glass. In place of glass, however, the
suction cup 1 may also be made of a radiotransparent
plastic material. The suction cup 1 has the feature that it
allows the shape of the breast 21 being drawn to the
suction recess 4 to be monitored, so that the breast 21
can be shaped up to a natural state for examination.
[0039] Further, the suction cup 1, as shown in Figure
9, is formed with an examination hole 11 through which
a biopsy needle 12 is inserted. The examination hole 11
is extended through the suction cup 1 butis bored to such
a size as may be hermetically closed by the breast 21
whenthe breast 21 is drawn to the interior surface. There-
fore, while the breast 21 is drawn into the suction cup 1,
the open air does not infiltrate through the examination
hole 11 into the suction cup 1. The suction cup 1 is so
designed that while the breast 21 is drawn and protruded,
the biopsy needle 12 is inserted through the examination
hole 11, so that a cell sample can be collected from a
specific site within the breast 21. The breast subjected
to an examination by using the mammography equip-
ment is sometimes examined by collecting a cell sample
from a specific site. In such a case, the breast 21 is first
examined while being drawn to the suction cup 1, and
then the breast 21 is kept in the state of having been
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drawn to the suction cup 1, and further the biopsy
needle12 is inserted through the examination hole 11,
so that the cell sample can be collected from a precise
site in the breast 21. The suction cup 1 shown in Figure
9is, in its entirety, made of a rubber-like elastic material,
but the examination hole can be formed in any suction
cup designed for drawing the breast inside. In this case,
the examination hole is bored to such a size as may be
closed by the breast being drawn to the interior surface
sothat the open air may notbe drawn in. The examination
holes may be bored in a plurality of spots so that the cell
sample can be precisely collected from a specific site in
the breast.

[0040] Inthe mammography equipment shown in Fig-
ure 2, the breast 21 is examined when the patient 20 is
in her forwardly leaning posture. The mammography
equipment is so designed that the suction cup 1 is dis-
posed in the posture where the plane including the edge
ofthe opening ofthe suctionrecess 4 is theinclined plane,
allowing the breast 21 to be drawn in the downwardly
oblique direction. The mammography equipment is so
designed that the lower surface of the breast 21 is drawn
into intimate contact with the suction recess 4 and the
breast is shaped up. The mammography equipment is
also so designed that the breast 21 hanging down under
the effect of gravity is drawn into the suction recess 4
and shaped up. As such, an examination can be carried
out by allowing the breast 21 to be sufficiently protruded
from the body surface of the patient 20.

[0041] The mammography equipment shown in Figure
5 is so designed that the breast 21 is examined when the
patient 20 is in her supine posture. In this mammography
equipment, the suction cup 1 is disposed in the posture
where the opening of the suction recess 4 faces down-
wardly, and so the breast 21 is examined by being drawn
upwardly into the suction recess 4 in the suction cup 1.
The mammography equipment allows the breast 21 to
be examined while the patient 20 is placed in a comfort-
able posture. Also, since the breast 21 is examined by
being drawn upwardly, an operator’s workability can be
improved as well.

[0042] The suction cup 1 is linked via a linkage mech-
anism (not shown) to the CT scanner 3, or alternatively
to the frame 10, to be placed in a specific posture. How-
ever, the suction cup 1 does not necessarily have to be
linked to the CT scanner 3 or the frame 10. It is because
the breast 21 can be examined by adjusting the relative
position between the patient 20 and the CT scanner 3 so
that the suction cup 1 drawing the breast 21 is positioned
in the storage space 5 in the CT scanner 3.

[0043] The suction member 2 evacuates the air from
the suction cup 1 and draws the breast 21 into the suction
recess 4. A suction pump such as a vacuum pump can
be used with the suction member 2. The suction member
2 is linked via a suction hose 8 to the suction recess 4 in
the suction cup 1. The suction recess 4 is formed with a
through hole 9 at its tip, and the suction hose 8 is linked
to the through hole 9. The suction member 2 evacuates
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the air from the suction cup 1 to such a degree of vacuum
as may draw the breast 21 into the suction recess 4.
[0044] The CT scanner 3 is provided with the storage
space 5 for accommodating the suction cup 1 inside. The
illustrated CT scanner 3 is arranged to be annular in its
entirety and is provided with the storage space 5 inside.
Although not shown, the CT scanner may also be formed
with a recess so that the recess may serve as a storage
space for the suction cup. The suction cup 1 drawing the
breast 21 is placed in the storage space 5, and as indi-
cated at arrow X in the drawings, the breast 21 is irradi-
ated with the radiation such as x-rays and gamma rays
from the periphery of the breast 21 to horizontally extend
through the breast 21, so that the coronal section image
of the breast 21 is obtained.

[0045] The CT scanner 3, in its annular casing, in-
cludes an x-ray irradiator 3A irradiating the breast with
radiation such as x-rays and gamma rays, an x-ray de-
tector 3B receiving and detecting the x-ray radiation emit-
ted from the x-ray irradiator 3A for x-ray transmission
through the breast, a calculator (not shown) calculating
the coronal section image of the breast based on the
density of the x-rays which are detected by the x-ray de-
tector 3B, and a driving mechanism (not shown) having
the x-ray irradiator 3A and x-ray detector 3B placed in
their opposite positions and allowing for a scanning pro-
cedure in a rotation around the breast and in a shift in
the direction of Y axis. The CT scanner 3 obtains the
coronal section image of the breast by rotating the x-ray
irradiator 3A and x-ray detector 3B within the casing while
maintaining the x-ray irradiator 3A and x-ray detector 3B
in their opposite positions. The CT scanner 3 obtains a
plurality of coronal section images of the breast 21 which
has graphically undergone the horizontal slicing proce-
dure from the tip to the body surface in a scanning direc-
tion along the protruding direction of the breast 21 as
indicated at arrow Y in the drawings. In the CT scanner
3, the radiation is not emitted so as to be transmitted
throughout the whole body. The breast 21 is irradiated
with the radiation for horizontal transmission. That is to
say, the breast 21 is focally irradiated with the radiation.
[0046] The CT scanner 3 shown in Figures 2 through
5 has a pair of suction cups 1 disposed in the storage
space 5. Therefore, the CT scanner 3 examines both
breasts 21 simultaneously by irradiating the two breasts
21 with the radiation for transmission through the two
breasts. Since the two breasts 21 are simultaneously ex-
amined in this mammography equipment, the examina-
tion of two breasts 21 can be expedited within a shorter
period of time. The CT scanner 3 shown in Figure 6, on
the other hand, has a single suction cup 1 disposed in
the storage space 5, and the radiation is emitted for trans-
mission through a single piece of the breast 21. This
mammography equipment is able to examine the breast
21 in higher diagnostic accuracy by examining each in-
dividual breast 21 independently. Especially, because
the single piece of the breast 21 is drawn into the suction
cup 1 to be disposed in the storage space 5 in the CT
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scanner 3, the entirety of the breast 21, in particular a
portion near the sternum as well, is to be disposed in the
storage space 3, so that the mammography equipment
has the feature that the entire breast can be examined
in an ideal state. Also, since the radiation is emitted for
transmission through the single piece of the breast 21,
the breast 21 can be examined in high diagnostic accu-
racy with lower doses of radiation.

[0047] The CT scanner 3islinked viathe linkage mech-
anism to the frame 10 so as to be disposed in a specific
posture and location with respect to the patient 20. The
linkage mechanism allows the CT scanner 3 to be linked
to the frame 10 so that the location and posture of the
CT scanner 3 may be adjustable.

[0048] The above-described mammography equip-
ment is designed to examine the breast 21 of the patient
20 in the following procedure.

(1) The breast 21 of the patient 20 is covered by the
suction cup 1, as shown in Figure 2 or Figure 5.

(2) The suction member 2 evacuates the air from
within the suction cup 1 to draw the breast 21 into
the suction recess 4 in the suction cup 1. The drawn
breast 21 is drawn into intimate contact with the in-
terior surface of the suction cup 1 and shaped up by
the suction cup 1.

(3) The suction cup 1 is placed in the storage space
5 in the CT scanner 3. At this moment, the relative
position between the CT scanner 3 and the patient
20 is adjusted, and the suction cup 1 is placed in the
storage space 5 in the CT scanner 3.

(4) The CT scanner 3 irradiates the breast 21, drawn
into the suction cup 1, with the radiation. The CT
scanner 3 irradiates the breast 21 with the radiation
from the periphery of the breast 21, as indicated at
arrow X in the drawings, and further scans the breast
21 along the protruding direction of the breast 21, as
indicated at arrow Y, so that the coronal section im-
age of the entire breast is calculated and displayed
on a monitor (not shown). That is to say, a plurality
of coronal section images are produced, based on
horizontal graphical slices of he breast 21, and the
entire breast is examined based on each coronal
section image. A mammary cancer within the breast
21 is displayed in the coronal section image which
contains the breast cancer.

INDUSTRIAL APPLICABILITY

[0049] The presentinvention enables breast cancer to
be detected with lower doses of radiation and with very
high accuracy while eliminating a patient’s pain, so that
a large number of women are relieved to have a safe
detection of breast cancer. Thus, a detection of breast
cancer can be promoted among a great number of wom-
en to ensure earlier detection of breast cancer and de-
crease a death rate associated with the breast cancer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

Figure 1 is a cross-sectional view showing conven-
tional mammography equipment in operative posi-
tion;

Figure 2 is a cross-sectional view showing the mam-
mography equipment in operative position in accord-
ance with an embodiment of the present invention;
Figure 3 is a cross-sectional view, taken along lines
A--A, showing the mammography equipment illus-
trated in Figure 2;

Figure 4 is a front view, as viewed from the patient’s
side, showing the CT scanner and suction cup in the
mammography equipment illustrated in Figure 2;
Figure 5 is a cross-sectional view showing the mam-
mography equipmentin operative position in accord-
ance with another embodiment of the presentinven-
tion;

Figure 6 is a cross-sectional view showing the mam-
mography equipmentin operative position in accord-
ance with a further embodiment of the present in-
vention;

Figure 7 is a cross-sectional view showing the mam-
mography equipmentin operative position in accord-
ance with an even further embodiment of the present
invention;

Figure 8 is a front view, as viewed from the patient’s
side, showing the CT scanner and suction cup in the
mammography equipment illustrated in Figure 7;
and

Figure 9 is a cross-section view showing the mam-
mography equipmentin operative position in accord-
ance with an alternative embodiment of the present
invention.

DENOTATION OF REFERENCE NUMERALS

[0051]

1 Suction Cup

2 Suction Member
3 CT Scanner

3A  X-ray Irradiator
3B  X-ray Detector
4 Suction Recess
5 Storage Space
6 Gasket

7 Contact Layer

8 Suction Hose

9 Through Hole
10 Frame

11 Examination Hole
12  Biopsy Needle
20 Patient

21 Breast
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Compression Plate

Claims

1.

Mammography equipment comprising:

a suction cup (1) having a suction recess (4)
disposed on an interior surface thereof, the suc-
tion recess (4) being operable to be drawn into
intimate contact with a chest of a patient (20) so
as to draw her breast (21) protruding from the
chest in an uncompressed state;

a suction member (2) drawing the breast (21)
into the suction cup (1); and

a CT scanner (3) having a storage space (5) for
accommodating the suction cup (1) inside,
wherein the suction cup (1) is disposed inside
the storage space (5), the suction cup (1) allow-
ing the breast (21) to be placed in the suction
recess (4), and the breast (21) is irradiated with
radiation by the CT scanner (3) in order to obtain
a tomographic image of the breast (21),
wherein the suction member (2) is operable to
draw the breast (21) into the suction recess (4),
allowing the breast (21) to be protruded from the
chestin an uncompressed state, so that the pro-
truded breast (21) is placed in the storage space
(5) via the suction cup (1), and

wherein the CT scanner (3) irradiates the breast
(21) with the radiation over a plane being orthog-
onal to a protruding direction of the breast (21)
and thus a coronal section image of the breast
(21) is obtained in a scanning direction along
the protruding direction of the breast (21).

The mammography equipment as recited in claim 1
wherein the suction member (2) is adapted to draw
the breast (21) into the suction recess (4) by evac-
uating air from the suction cup (1).

The mammography equipment as recited in claim 1
wherein the suction recess (4) is so interiorly shaped
as to draw a single piece of the breast (21), with a
recess’s horizontal cross-section, which intersects
the protruding direction of the breast (21), being ei-
ther of a circular shape or of an elliptical shape with
the ratio of the major diameter to the minor diameter
being less than two, and with the horizontal cross-
section being tapered off toward a tip of the breast
(21).

The mammography equipment as recited in claim 1
wherein the suction recess (4) is provided, on an
interior surface thereof, with a contact layer (7) of sol
or gel to allow for air-tight contact with a breast sur-
face.
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The mammography equipment as recited in claim 1
wherein the suction cup (1) is disposed in a posture
where a plane including an edge of an opening of
the suction recess (4) is an inclined plane, to allow
the breast (21) to be drawn in an oblique direction.

The mammography equipment as recited in claim 1
wherein the suction cup (1) is disposed in a posture
where the opening of the suction recess (4) faces
downwardly to allow the breast (21) to be drawn in
an upward direction.

The mammography equipment as recited in claim 1
wherein the suction recess (4) in the suction cup (1)
is formed with a concavely curved surface thatdraws
at least a portion of the breast (21) into intimate con-
tact with the interior surface of the suction recess (4)
and shapes up the breast (21).

The mammography equipment as recited in claim 1
wherein the suction recess (4) in the suction cup (1)
is formed with a concavely curved surface that draws
a lower surface of the breast (21) into intimate con-
tact with the interior surface of the suction recess (4)
and shapes up the breast (21).

The mammography equipment as recited in claim 1
wherein the suction cup (1) is provided with a gasket
(6) that tightly contacts a body surface along the edge
of the opening of the suction recess (4) so that the
edge of the opening of the suction recess (4) tightly
contacts a periphery of the breast (21) of the patient
(20).

The mammography equipment as recited in claim 1
wherein the suction cup (1) is translucent to allow
the breast (21) drawn into the suction recess (4) to
be viewed from outside.

The mammography equipment as recited in claim 1
wherein the suction cup (1) is of a rubber-like elastic
material.

The mammography equipment as recited in claim 1
further comprising a pair of suction cups (1) that re-
spectively and independently draws both breasts
(21) of the patient (20), and wherein the pair of suc-
tion cups (1) is linked to the CT scanner (3).

The mammography equipment as recited in claim 1
wherein the suction cup (1) is formed with an exam-
ination hole (11) through which a biopsy needle (12)
is inserted.
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FIG.3

FIG.4
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